Background The safety and feasibility of administering S-1 adjuvant chemotherapy for gastric cancer has not been fully evaluated in elderly patients. Methods This retrospective study selected patients who underwent curative D2 surgery for gastric cancer, were diagnosed with stage II or III disease, and received adjuvant S-1 at our institution. Patients were categorized into two groups; non-elderly patients (age \70 years: group A) and elderly patients (age C70 years: group B). The toxicity and S-1 continuation rates in the two groups were compared. Results A total of 75 patients were evaluated in the study. There were no grade 4 toxicities. The incidences of grade 3 hematological and non-hematological toxicities were \5% in both groups, and the differences were not significant. The continuation rate at 6 months was 69% in group A and 70% in group B, and this difference was also not significant. Conclusions These results suggest that S-1 adjuvant chemotherapy for gastric cancer is safe and feasible, regardless of the age of the patient; especially for elderly patients who could be candidates for clinical trials.
Introduction
Every year, there are more than 800,000 new cases of gastric cancer worldwide, and this cancer is the second most common cause of cancer-related death [1, 2] . Generally, more than 60% of the cancer diagnoses and 70% of cancer mortalities occur in elderly patients (aged 65 years or older) [3] .
In 2007, the adjuvant chemotherapy trial of TS-1 for gastric cancer (ACTS-GC) demonstrated that S-1 was effective as adjuvant chemotherapy for Japanese patients who had undergone curative D2 gastrectomy for gastric cancer and were diagnosed with pathological disease stage II or III [4] . Based on this trial, curative D2 resection and adjuvant chemotherapy with S-1 are now the standard therapy for such patients in Japan. In the ACTS-GC trial, more than 20% of the patients were more than 70 years old.
The aim of adjuvant chemotherapy is to eradicate micrometastatic tumor cells; therefore, it is essential to continue chemotherapy for a minimal length of time to ensure that these cells are eradicated. Six months of treatment has been shown to be the necessary duration for breast and colon cancer, while 12 months was the duration shown to be necessary for gastric cancer in the ACTS-GC trial. Although the optimal duration of adjuvant chemotherapy for gastric cancer is still nuclear, considering the results of studies of other solid malignancies, it seems that S-1 adjuvant treatment should be continued for at least 6 months. It has been shown that incomplete treatment with adjuvant chemotherapy results in a markedly inferior disease-free survival in patients with breast cancer [5] . In the ACTS-GC trial, of the 517 patients who received S-1, the treatment was continued for at least 3 months in 452 patients (87.4%) and for at least 6 months in 403 patients (77.9%). The most common cause of withdrawal was the occurrence of adverse events.
Elderly cancer patients often have comorbidities and age-related physiological problems that can lead to greater drug toxicity than that occurring in non elderly patients. In their study of patients with advanced gastric cancer, Tsushima et al. showed that S-1 monotherapy exhibited moderate efficacy in elderly patients (C76 years of age) and that these patients were at a higher risk of severe toxicities than the younger patients ( age B75 years). They recommended careful monitoring of toxicities in the elderly patients [6] . However, the safety and feasibility of adjuvant chemotherapy with S-1 in elderly patients has not been clarified. In addition, the use of D2 gastrectomy may or may not affect the toxicity or continuation rate of S-1 in elderly patients.
The aim of this study was to retrospectively investigate the safety and feasibility of adjuvant chemotherapy with S-1 in elderly patients compared to non-elderly patients.
Patients and methods

Patients
The patients were selected from the prospective database of the Kanagawa Cancer Center, Department of Gastrointestinal Surgery, Yokohama, Japan, according to the following criteria: (1) histologically proven gastric adenocarcinoma, (2) the patient had undergone a curative D2 resection for gastric cancer as a primary treatment between June 2002 and March 2010, (3) stage IIA, IIB, IIIA, IIIB, or IIIC disease was diagnosed pathologically according to the 14th edition of the Japanese classification of gastric carcinoma published by the Japanese Gastric Cancer Association [7] , (4) the patient had a creatinine clearance of [50 ml/min, and (5) the patient's age was less than 80 years. The patients were classified into two groups according to their age: \70 years (group A) and C70 years (group B).
Treatment
The patients received S-1 chemotherapy and were followed on an outpatient basis. The patients who were registered to the ACTS-GC trial received 40 mg of S-1 per square meter of body-surface area twice a day for 4 weeks followed by 2 weeks' rest as one course (6 weeks' schedule), and this regimen was continued for 1 year after surgery. The patients who were registered to the Stomach Cancer Adjuvant Multi-institutional Trial Group (SAMIT) trial between February 2004 and April 2007 received the same dose as that in the ACTS-GC trial for 2 weeks followed by 1 week's rest (a 3-week schedule) and the regimen was continued for 6 months after surgery, while the patients who were registered to the SAMIT trial between May 2007 and September 2009 received the same 3 weeks' schedule of S-1 as that in the earlier cohort and the regimen was continued for 12 months, because the SAMIT protocol was amended in May 2007 based on the report of the ACTS-GC trial [8] . The remaining patients received S-1 at the dose that is used in clinical practice and the regimen was continued for 12 months following the ACTS-GC protocol after the results of the ACTS-GC trial were reported. Patients with a body-surface area of less than 1.25 m 2 received 80 mg of S-1 daily, those with a body-surface area of 1.25 m 2 or more but less than 1.5 m 2 received 100 mg daily, and those with a body-surface area of 1.5 m 2 or more received 120 mg daily. Reduction of the starting dose, suspension or delay, and dose reduction were determined by the protocol of each clinical trial in the patients registered to the ACTS-GC or the SAMIT trial [4, 8] . Reduction of the starting dose, delay, and dose reduction in the patients who received the S-1 dose used in clinical practice were determined according to the ACTS-GC trial protocol. Briefly, the treatment was delayed when patients had hematological adverse events of grade 3 or more, or nonhematological adverse events of grade 2 or more, until all adverse events recovered to grade 0 or 1, and the treatment was restarted at a reduced dose of 100, 80, or 50 mg based on the body surface area described above. Patients who started with the 6-week schedule of S-1 and experienced the adverse events described above at a reduced dose were switched from the 6-week schedule to the 3-week schedule. S-1 chemotherapy was terminated when the adverse events described above occurred in patients on the 3-week schedule.
Evaluation and statistical analyses
Toxicities were graded according to the National Cancer Institute common toxicity criteria version 3.0. Feasibility was evaluated by the continuation rate of S-1 chemotherapy. The date of S-1 discontinuation was defined as the last day on which S-1 was orally administered. The continuation rate was calculated using the Kaplan-Meier method and rates were compared by the log-rank test. The relative dose intensity (%) was defined based on the ratio of the change in the actual dose given for 6 months to the planned dose for 6 months. Treatment delay was defined when the new course could not be started or when the treatment was postponed during each course because of toxicity.
Comparisons of the two groups were performed using the unpaired v 2 method or Student's t-test. A P value of\0.05 was defined as statistically significant. Laboratory data are expressed as means ± SD. An SPSS software package (v11.0J Win; SPSS, Chicago, IL, USA) was used for all statistical analyses.
Results
Patient characteristics
A total of 240 patients underwent surgical resection and were pathologically diagnosed with stage IIA, IIB, IIIA, IIIB, or IIIC disease. A flow diagram of the treatment allocation in the 240 patients is shown in Fig. 1 .
Seventy-five of these 240 patients were eligible for the present study. Fifty-five patients were classified into group A, and 20 into group B. The median follow-up period was 24.3 months. The median duration of adjuvant S-1 administration was 8.4 months. Table 1 shows the background of the patients, which was similar in the two groups. Table 2 shows the patients' baseline characteristics just before starting the S-1 therapy. Creatinine clearance was significantly lower in group B compared to group A. However, this difference was small. Toxicity All 75 patients were evaluated for toxicities of grade 3 or 4 (Table 3 ). There were no grade 4 toxicities. The incidences of grade 3 hematological and non-hematological toxicities were less than 5% in both groups, and the differences in toxicities were not significantly different between the two groups.
Continuation rates and treatment events Figure 2 demonstrates the continuation curves calculated by the Kaplan-Meier method. The curves for the two groups were similar, and no significant difference was shown between the groups as determined by the log-rank test (P = 0.6498). The continuation rates at 2, 4, and 6 months were not significantly different, as indicated by the v 2 method (Table 4) . Table 5 shows the details of the patients who stopped S-1 because of adverse events. There was no difference in the toxicities associated with withdrawal between groups A and B. Table 5 shows that 7 patients terminated the treatment because of hematological toxicities and 10 because of non-hematological events. Six of these 10 patients experienced grade 1-2 non-hematological toxicities and rejected the treatment within only 30 days. On the other hand, only 1 of the 7 patients experienced grade 1-2 hematological toxicities and rejected the treatment within 30 days.
The incidences of treatment delay and dose reduction tended to be higher in group B (40.0 and 45.0%) than in group A (27.3 and 38.2%), but the differences did not reach 
No difference was observed in the alterations of the treatment schedule between the two groups (12.7% in group A and 10.0% in group B, P = 0.748). There was also no difference in the relative dose intensity between the two groups (0.758 in group A and 0.757 in group B, P = 0.992).
Discussion
This is the first report to demonstrate that the toxicities and continuation rates of adjuvant chemotherapy with S-1 were similar in patients aged C70 years and those aged \70 years. Moreover, the dose intensity was almost the same in the two groups. Our results suggested that S-1 adjuvant chemotherapy was safe and feasible even for elderly patients who underwent a D2 gastrectomy for gastric cancer and were diagnosed with pathological stage II or III disease.
Elderly patients often have comorbidities and age-related physiological problems, such as organ dysfunction. The present study showed that creatinine clearance was significantly lower in the patients aged C70 years than in those aged \70 years. A previous study showed that creatinine clearance was an important factor for the safety and feasibility of S-1 therapy. Yamanaka et al. reported that baseline renal impairment was a significant risk factor for grade 3-4 adverse events caused by S-1 chemotherapy. They showed that the incidences of key severe adverse events, such as neutropenia, nausea/vomiting, diarrhea, stomatitis, rash, and pigmentation were significantly higher in patients who had a creatinine clearance level of less than 50 ml/min than in those who had a creatinine clearance level of more than 80 ml/min [hazard ratio (HR), 1.46; 95% confidence interval [CI], 1.16-1.82; P \ 0.001] [9] . S-1 is an oral fluoropyrimidine, consisting of tegafur (a prodrug of fluorouracil), 5-chloro-2,4-dihydropyrimidine (CDHP), and potassium oxonate. CDHP is an inhibitor of dihydropyrimidine dehydrogenase (DPD), which is the rate-limiting enzyme for the degradation of fluorouracil [10] . It is known that the clearance of CDHP is reduced by renal dysfunction, resulting in a high blood concentration of 5-fluorouracil (5-FU) due to decreased DPD activity [11, 12] . Renal function is affected by aging; thus, the frequency and grade of adverse events may be increased in elderly patients. In the present study, the frequencies of grade 3 or higher toxicities were \5%, and there were no significant differences between the two groups, although the renal function was decreased in the elderly patients. However, treatment events such as delay and dose reduction occurred more frequently in the elderly patients than in the non-elderly patients. Thus, our results also suggest the need for careful monitoring of treatment events in elderly patients during the continuation of S-1 adjuvant chemotherapy. In the study by Tsushima et al. [6] cited earlier, those authors examined the toxicities of S-1 monotherapy for patients with metastatic gastric cancer, and reported that the elderly patients showed higher incidences of severe toxicities than the younger patients. In that study, however, several points were different from the present study. First, the renal function was different; the median creatinine clearance in that study was 59.9 ml/min, but it was 73.0 ml/min in the present study, and this difference could have affected the severity of the toxicities. Second, the disease status in the two studies was different. Patients with advanced metastatic disease may more easily develop tumor-related symptoms, which are sometimes difficult to distinguish from S-1-related toxicities, while the patients in our study who underwent gastrectomy had no residual macroscopic disease. Third, the definition of elderly patients was different. Tsushima and colleagues defined elderly patients as those aged more than 75 years, because patients with advanced or recurrent gastric cancer who were aged more than 75 years were not included in Japanese phase III trials. They did not compare the feasibility and the safety profiles between patients aged 70 to 75 years and those aged more than 75 years. However, in the present study, the patient characteristics, continuation rates, and treatment modifications were almost the same in the 70-to 75-year-old group and the 76-to 80-year-old group (data not shown). We therefore defined elderly patients as those aged C70 years in this study.
When comparing our present findings to the results of the ACTS-GC trial, the continuation rate and the frequencies of non-hematological toxicities tended to be lower in our study. The clinical trial had strictly defined the rules for discontinuation of S-1, while daily clinical practice did not. Because the quality of life of the patient is affected more by non-hematological toxicity than by hematological toxicity, in our study S-1 could be Fig. 2 Comparison of the treatment continuation rates between the patients who were aged 70 years or more and those who were younger than 70 discontinued due to grade 1-2 non-hematological toxicities such as anorexia, fatigue, and nausea, even though a physician explained the details of the ACTS-GC trial to the patients. In fact 4 non-elderly and 2 elderly patients rejected S-1 chemotherapy within 30 days because of grade 1-2 non-hematological toxicity, while only 1 nonelderly patient in this study rejected this regimen because of grade 1-2 hematological toxicity. These 7 patients could have had the chance of continuing S-1 treatment if the treatment had been delayed and/or the dose had been reduced. Moreover, some patients in our series were registered to the SAMIT trial, in which the duration of S-1 was defined as 6 months before amendment. This may account, at least in part, for the lower toxicity rates observed in our study.
When interpreting our results, special attention is required, because there were some limitations associated with this study. First, this was a retrospective single-center study with a small sample size. Second, some patients in this study received S-1 adjuvant chemotherapy as a test arm of the SAMIT trial, which is a 2 9 2 phase III trial for surgical serosa-positive tumors. The SAMIT trial prescribed adjuvant chemotherapy with S-1 for 6 months before amendment. Therefore, the precise continuation rate at 12 months in the present study is unknown. Third, there is a possibility of selection bias in this series, as shown in Fig. 1. (1) All patients who were registered to the adjuvant phase III trial (i.e., the ACTS-GC or SAMIT trial) were randomly assigned to surgery alone, S-1, or other chemotherapeutic regimens; therefore, there was no selection bias among these patients. (2) After August 2006, 68 patients were not registered to the clinical trial. Of these, 5 patients rejected S-1 chemotherapy although S-1 is a standard treatment. These 5 patients may have produced a selection bias, but this proportion is very low. (3) Before August 2006, 69 patients were not registered to the phase III trial. None of these 69 patients received S-1 because the standard treatment was surgery alone. On the other hand, 65 patients were registered to the phase III trial and 17 were assigned to S-1. There may have been a selection bias in these 17 patients, because only patients who fulfilled the strict eligibility criteria were entered into the trial. However, this proportion is not so high. Fourth, there was a selection bias in the elderly patients in this series. Surgeons often avoid performing D2 in elderly patients, because D2 gastrectomy itself potentially has 0.8% mortality and 20.9% morbidity [13] . Thus, the fact that the elderly patients in this study received D2 could itself be a bias. In addition, our hospital is a specialized cancer center. The elderly patients treated at general hospitals usually have more serious comorbidities than those treated at most Japanese cancer centers. In summary, both the safety and the feasibility of S-1 adjuvant chemotherapy were almost equal in the elderly and the non-elderly patients in this study. Therefore, it is unnecessary to avoid chemotherapy or to reduce the dose of S-1 at least in elderly patients who could be candidate for clinical trials simply because of their age.
